Abstract. We develop a simple and realistic strategy to identify the theoretical origin of a Z' of mass Mz, ~> 400 GeV if the latter were directly produced at a future e+e -collider. A measurement of the muonic width and of two ratios of hadronic to muonic widths would lead to an almost complete identification within a very general class of extra U(1) models. Alternative models, though, would be better classified by measuring three longitudinal polarization asymmetries.
Introduction
Among the several exciting goals of future planned e +e-accelerators with centre-of-mass energy up to 1 TeV [1], the search for a new Z' vector boson certainly represents a theoretically motivated, possibly highly rewarding, challenge. From the time of the original grand unification schemes based on the gauge group SO(10) [2] and on the next "natural" extension to E 6 [3] , which seemed to be the unique candidate at a certain stage of development of superstring models [4] , a new gauge boson has been advocated as the low-energy relic of such higher symmetries. This purely speculative attitude has certainly attracted much attention since it was immediately realized that, partially because of existing theorems [5] , the mass of this particle could be as low as a. few hundred GeV, making the search for it a realistic goal of future experiments. In particular, detailed experimental analyses [6, 7] fixed the existing limits of both the mass and the mixing angle of the new Z' for the most general E 6 case, in which (we follow the notations of The main results of the analyses can be summarized in Fig. 1 . More recent studies [8] have slightly improved the limits on the Z' mass, but the main features remain unchanged. Thus, a Z' of E 6 origin and with a mass > 150GeV and a sizeable (>0.05) mixing angle could well exist as far as the available experimental information is concerned.
In the last few years, the theoretical panel for a new Z' has been subject to sharp oscillations. Superstring models have been proposed that do not require an extra Z' [9] . On the other hand, modifications of the conventional supersymmetric picture have also been suggested which require an extra Z', but not of the "canonical" E 6 origin [10] . Parallel to these proposals, alternative schemes without Higgs bosons have appeared [11, 12] which introduce new vector bosons of a rather different nature. While a complete experimental analysis like that of [6, 7] is still lacking for this most recent class of models, the theoretical motivations are in general elegant and interesting, making such an analysis certainly worthwhile. Qualitatively, though, one would expect that at least the mass limits should not be drastically different from those found in the E 6 case, i.e., a few hundred GeV at most (this is actually known for the models without Higgs [11, 12] , as discussed elsewhere [13] ). Therefore, even in these cases, direct production in future experiments would be a realistic goal.
From the previous discussion, it seems fair to conclude that the observation of a new Z' would at least produce a first and dramatic selection of candidate theories. The determination of its precise quantum numbers, i.e., of the (possible) underlying gauge group structure, would then represent the next, and no less important, step.
A point that should be stressed is that the direct production at future p/~ colliders seems to be problematic for E 6 models for Mz, > 200 GeV [8] , which is also the maximum energy available at LEP 2. Thus, one might feel that the chances of revealing a heavy Z' in the next few years are rather small. In fact, the situation is, luckily, a little better, since the virtual effects of an extra Z' at LEP would be particularly large (and, in some cases, impressive), both at the LEP 1 [-14] and LEP 2 E15] phases. As a result of this, one would be able to feel the presence of a general E 6 gauge boson for values of its parameters, such that:
as shown by Figs. 2 and 3 (the mass limit would actually be better if the responsible gauge group was of general left-right symmetry origin [16] , as exhaustively discussed in [15] ). Strictly speaking, the bound of (4) would be derivable from searches at LEP 1 at the so-called "first phase" characterized by the conditions E < l l0GeV, ~dt,~ 100pb -1, no initial beam polarization [17] . As was discussed in previous papers [181, from measurements at that stage it would be difficult, though, to perform a complete theoretical identification of the signal, in the sense that a Z' of extra gauge origin or of alternative model origin could produce analogous effects. A solution to this problem would be achieved if longitudinal polarization of the initial beam were available [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . This would actually allow us to introduce extra observable quantities [20] that would be "blind" to alternative models and would thus allow an "almost" complete identification program to be performed for the general class of Z's of E6, left-right symmetry or alternative model nature I-21]. The proposed strategy is rather simple and realistic, and we refer to the existing literature [22] for a longer discussion.
The aim of this paper is to show that, if a Z' of general E 6 or left-right symmetry origin existed with 10MI < 0.025 and a mass sufficiently high not to be revealed at either the p# colliders or at LEP 2 (say, Mz, > 300-400 GeV), but smaller than ,-~ 1 TeV, an analogous, simple and realistic strategy would exist which led to an "almost" complete identification of the generating theoretical model, once the Z' were directly produced at a future e+e -collider with total energy up to 1 TeV. This strategy would 
